T EA IS THE MOST CONSUMED BEVerage in the world aside from water. Three billion kilograms of tea are produced each year worldwide. 1 Because of the high rates of tea consumption in the global population, even small effects in humans could have large implications for public health. 2 Tea is generally consumed in the forms of green, oolong, and black tea, all of which originate from the leaves of the plant Camellia sinensis. Among teas, green tea polyphenols have been extensively studied as cardiovascular disease (CVD) and cancer chemopreventive agents. [3] [4] [5] [6] Although substantial evidence from in vitro and animal studies indicates that green tea preparations inhibit CVD and carcinogenic processes, the possible protective role of green tea consumption against these diseases in humans remains unclear.
If green tea does protect humans against CVD or cancer, it is expected that consumption of this beverage would substantially contribute to the prolonging of life expectancy, given that CVD and cancer are the 2 leading causes of death worldwide. 7 To date, 4 studies [8] [9] [10] [11] have examined the association between green tea consumption and mor-tality, but their sample sizes were small and the results were inconsistent.
We therefore designed this prospective analysis to examine the association between green tea consumption and mortality due to all causes, CVD, and cancer within a large populationbased cohort study of 40 530 persons in Miyagi Prefecture in northeastern Japan, where green tea is widely consumed. Within this region, 80% of the population drinks green tea and more than half of them consume 3 or more cups/d. 12 
METHODS

Study Cohort
The details of the Ohsaki National Health Insurance (NHI) Cohort Study have been described in previous reports. [13] [14] [15] In brief, we delivered a selfadministered questionnaire, including items on dietary intake (a 40-item food frequency questionnaire [FFQ] ), between October and December 1994 to all NHI beneficiaries aged 40 to 79 years living in the catchment area of Ohsaki Public Health Center, Miyagi Prefecture, in northeastern Japan. Ohsaki Public Health Center, a local government agency, provides preventive health services for residents of 14 municipalities in Miyagi Prefecture. Of 54 996 eligible individuals, 52 029 (95%) responded.
To ascertain the date of and reason for withdrawal from the NHI, we started the prospective collection of NHI withdrawal history files on January 1, 1995. We excluded 774 participants who had withdrawn from the NHI before the baseline questionnaire survey. Thus, 51 255 participants ultimately formed the study cohort. The study protocol was reviewed and approved by the ethics committee of Tohoku University School of Medicine. We considered the return of self-administered questionnaires signed by the participants to imply their consent to participate in the study.
For current analysis, we excluded participants who died before the collection of NHI withdrawal history files (n=37) and those with missing data on green tea consumption frequency (n = 6821), as well as those who reported extreme daily energy intake (n = 444; sex-specific cutoffs for upper 0.5%, 3573.5 kcal/d for men and 2289.0 kcal/d for women; for lower 0.5%, 350.5 kcal/d for men and 200.0 kcal/d for women). We also excluded participants who reported a baseline history of cancer (n=1481), myocardial infarction (n=1149), or stroke (n=793), since the presence of these diseases at baseline could have affected their diet and lifestyle. Consequently, our analysis involved 40 530 participants.
Exposure Data
The questionnaire included items about the frequency of recent average consumption of 4 beverages (green tea, oolong tea, black tea, and coffee) and 36 items about food, as well as items regarding the consumption of alcohol and tobacco, personal and family history of disease, job status, level of education, body weight, height, engaging in sports or exercise, and time spent walking per day. The FFQ did not cover a specific period of time but asked about "everyday diet." The frequency of green tea consumption was divided into 5 categories: never, occasional, 1 to 2 cups/d, 3 to 4 cups/d, and 5 or more cups/d. Within the study region, the volume of a typical cup of green tea is 100 mL.
We conducted a validation study of the FFQ, in which 113 participants provided four 3-day food records within a period of 1 year and subsequently responded to the questionnaire. The results showed that the Spearman rank coefficient for the correlation between the amounts of green tea consumed according to the questionnaire and the amounts consumed according to the food records was 0.71 for men and 0.53 for women; the correlation between consumption measured by the 2 questionnaires administered 1 year apart was 0.63 for men and 0.64 for women. 16 Because only 7% of the participants said they never drank green tea and only 19% said they drank it only occasionally, data from these respondents were collapsed into the single category of less than 1 cup/d for the purpose of this analysis. We examined the daily consumption of 40 food items, total energy, and nutrients from the FFQ responses by converting the selected frequency category for each food to a daily intake, using portion sizes based on the median values observed in four 3-day diet records. The FFQ used in this study has a high reproducibility and reasonably good validity in assessing the usual levels of intake of nutrients, foods, and food groups among our study population. 16 
Follow-up
The end points were all-cause mortality and cause-specific mortality. To follow up the participants for mortality and migration, we reviewed the NHI withdrawal history files. When a participant was withdrawn from the NHI system because of death, emigration, or employment, the date of withdrawal and its reason were coded on the NHI withdrawal history files. Because we were unable to obtain subsequent information on the participants who withdrew from the NHI, we discontinued follow-up of participants who withdrew from the NHI system because of emigration or employment.
For decedents identified as described herein, we investigated cause of death by reviewing the death certificates filed at Ohsaki Public Health Center. Cause of death was coded by trained physicians according to the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10). 17 We identified deaths from CVD as ICD-10 codes I00-I99, coronary heart disease as ICD-10 codes I20-I25, stroke as ICD-10 codes I60-I69, cerebral infarction as ICD-10 code I63, cerebral hemorrhage as ICD-10 code I61, subarachnoid hemorrhage as ICD-10 code I60, cancer as ICD-10 codes C00-C97, gastric cancer as ICD-10 code C16, lung cancer as ICD-10 code C34, and colorectal cancer as ICD-10 codes C18-C21. None of the participants died of unknown causes. Because the Family Registra-tion Law in Japan requires registration of death, death certificates confirmed all deaths that occurred in the study area, except participants who died after emigration from the area.
Statistical Analysis
For all-cause mortality, from January 1, 1995, to December 31, 2005, we prospectively counted the number of person-years of follow-up for each participant, from the beginning of follow-up until the date of death, the date of withdrawal from the NHI, or the end of follow-up, whichever occurred first. For cause-specific mortality, we followed up the participants for up to 7 years (1995-2001) . The difference in follow-up times for all-cause mortality and causespecific mortality results from the different sources of information. Allcause mortality data were obtained from the NHI withdrawal history files, which are provided every month and have no information on cause of death. Obtainment of cause-of-death data requires permission from the Japanese Ministry of Health, Labour, and Welfare to use the National Vital Statistics Database. Seven years of follow-up is the most up-to-date assessment of causeof-death data in the study area as of August 1, 2006 .
Cox proportional hazards regression analysis was used to calculate the hazard ratios (HRs) and 95% confidence intervals (CIs) of all-cause and cause-specific mortality according to green tea consumption categories and to adjust for potentially confounding variables, using SAS statistical software, version 9.1 (SAS Institute Inc, Cary, NC). For all models, the proportional hazards assumptions were tested and met through addition of timedependent covariates to the models. Dummy variables were created for green tea consumption categories. The lowest category of green tea consumption was used as a reference category. The P values for the analysis of linear trends were calculated by scoring the categories, from 1 for the lowest category to 4 for the highest, entering the number as a continuous term in the regression model. In the analyses for oolong tea or black tea as a main exposure, individuals with missing data were excluded (n = 9679 for oolong tea and n = 10 140 for black tea).
We considered the following variables as potential confounders a priori: age at baseline (continuous variable), job status (employed or unemployed), years of education (Ͻ10, 10-12, or Ն13), body mass index (calculated as weight in kilograms divided by height in meters squared; Ͻ18.5, 18.5-22.9, 23.0-24.9, 25.0-29.9, or Ն30.0), 18, 19 engaging in sports or exercise (Ͻ1 h/wk, 1-2 h/wk, or Ն3 h/wk), time spent walking (Ͻ1 h/d or Ն1 h/d), history of hypertension (yes or no), history of diabetes mellitus (yes or no), history of gastric ulcer (yes or no), smoking status (never, former, currently smoking 1-19 cigarettes/d, or currently smoking Ն20 cigarettes/ d), alcohol consumption (never, former, current ethanol intake of Ͻ45.6 g/d, or current ethanol intake of Ն45.6 g/d), daily total energy intake (continuous variable), daily rice consumption (Ͻ3 bowls, 3 bowls, 4 bowls, or Ն5 bowls), daily consumption of miso (soybean paste) soup (yes or no), daily consumption of soybean products, total meat, total fish, dairy products, total fruits, and total vegetables (for each food, continuous variable), and consumption of oolong tea, black tea, or coffee (never or occasionally, 1-2 cups/d, or Ն3 cups/d). To correct the estimates for socioeconomic status, the models were adjusted for job status and the number of years of education. In addition to engaging in sports or exercise, time spent walking was used as a measure of physical activity because it is the most common type of physical exercise among middle-aged and older individuals in rural Japan. The validity and reproducibility of the question on time spent walking has been reported elsewhere. 20 Alcohol consumption was classified in terms of go, a traditional Japanese unit of measure equal to approximately 180 mL of sake and containing 22.8 g of ethanol. Interactions between green tea consumption and confounders were tested through addition of cross-product terms to the multivariate model.
To minimize the possibility that diet or lifestyle factors had changed in response to subclinical disease, we repeated all analyses after excluding participants who had died in the first 3 years of follow-up. To ensure that the estimates were not biased by multicollinearity, the age-and sex-adjusted HRs for the green tea consumption categories were also calculated and compared with the multivariate adjusted HRs. All reported P values are 2-tailed, and the differences at PϽ.05 are considered statistically significant.
RESULTS
Baseline characteristics of the participants by green tea consumption category are shown in TABLE 1 and  TABLE 2 . Participants who consumed green tea more often tended to be older and were more likely to be unemployed, to engage in sports or exercise, and to have a history of hypertension and diabetes mellitus and were less likely to walk, for both men and women. Men were also more likely to have a history of gastric ulcer and women to be obese. Men and women were both also more likely to consume individual foods or beverages such as miso (soybean paste) soup, soybean products, total fish, dairy products, total fruits, total vegetables, oolong tea, and black tea, but less likely to consume coffee. There were no apparent associations between smoking status or alcohol drinking and green tea consumption categories.
Over 11 years of follow-up, among 374 174 accrued person-years, the total number of deaths was 4209. The follow-up rate was 86.1%. TABLE 3 shows the association between green tea consumption and the HRs and associated 95% CIs of mortality due to all causes. We found that green tea consumption was inversely associated with mortality due to all causes and that the inverse association was more pronounced in women (P = .03 for We included a variety of potential confounders in our multivariate models; however, the results did not change substantially even after adjustment for these variables. Comparison between the age-and sex-adjusted model and multivariate model suggested that the estimates were not biased by multicollinearity. When we excluded the 1018 participants who died in the first 3 years of follow-up, the results also did not change substantially.
Over 7 years of follow-up, among 252 101 total accrued person-years, the total number of deaths was 2931 (892 from CVD and 1134 from cancer). The follow-up rate was 89.6%. TABLE 4 shows the association between green tea consumption and the HRs and associated 95% CIs of mortality due to CVD and cancer. We found that green tea consumption was inversely associated with mortality due to CVD but not with that due to cancer. The inverse association with CVD mortality was stronger than that with all-cause mortality and the inverse association was also more pronounced in women (P=.08 for interaction with sex). In women, compared with those who consumed less than 1 cup/d of green tea, those who consumed 5 or more cups/d had a 31% lower risk of CVD death. In contrast, the association between green tea consumption and cancer mortality was substantially different. The HRs of cancer mortality were not significantly different from 1.00 in all green tea consumption categories compared with the lowest-consumption (referent) category.
We further investigated the association between green tea consumption and specific CVD and cancer mortality (TABLE 5, TABLE 6, and TABLE 7) . In men, green tea consumption was significantly associated with reduced mortality due to stroke. In women, green tea consumption also was significantly associated with reduced mortality due to stroke, especially cerebral infarction. Compared with women who consumed less than 1 cup/d of green tea, those who consumed 5 or more cups/d had 42% and 62% lower risk of death due to stroke and cerebral infarction, respectively. In both men and women, the multivariate HRs of gastric, lung, and colorectal cancer mortality were mostly above unity but not statistically significant.
We conducted further stratified analyses of CVD mortality examining Abbreviation: CI, confidence interval. *The multivariate HR has been adjusted for age (continuous variable), sex (among total participants), job status (employed vs unemployed), years of education (Ͻ10, 10-12, or Ն13), body mass index (calculated as weight in kilograms divided by height in meters squared; Ͻ18.5, 18.5-22.9, 23.0-24.9, 25.0-29.9, or Ն30.0), engaging in sports or exercise (Ͻ1, 1-2, or Ն3 h/wk), walking duration (Ͻ1 vs Ն1 h/d), history of hypertension, diabetes mellitus, and gastric ulcer (for each disease, yes or no), smoking status (never, former, currently smoking Ͻ20, or currently smoking Ն20 cigarettes/d), alcohol drinking (never, former, currently drinking Ͻ45.6 g/d, or currently drinking Ն45.6 g/d ethanol), total energy intake per day (continuous variable), daily consumption of rice (Ͻ3, 3, 4, or Ն5 bowls), daily consumption of miso (soybean paste) soup (yes or no), daily consumption of soybean products, total meat, total fish, dairy products, total fruits, and total vegetables (for each food, continuous variable), and consumption of oolong tea, black tea, and coffee (for each beverage, never or occasionally, 1-2 cups/d, or Ն3 cups/d). †Participants who died in the first 3 years of follow-up were excluded from this analysis.
subgroups defined by traditional CVD risk factors and dietary factors. The results in all subgroups showed the same inverse relationship between green tea consumption and CVD mortality, with no interactions noted. Although the interaction was not significant, the inverse association between green tea consumption and CVD mortality appeared to be more pronounced in participants who had never smoked. Among current smokers (n=11 614), the multivariate HRs of mortality due to CVD associated with different green tea consumption frequencies were 1.00 (reference) for less than 1 cup/d, 0.79 (95% CI, 0.55-1.14) for 1 to 2 cups/d, 0.81 (95% CI, 0.56-1.17) for 3 to 4 cups/d, and 0.86 (95% CI, 0.62-1.18) for 5 or more cups/d, respectively (P =.43 for trend). The corresponding data among never smokers (n=18 775) were 1.00, 0.85 (95% CI, 0.62-1.16), 0.69 (95% CI, 0.51-0.95), and 0.75 (95% CI, 0.56-1.00), respectively (P = .03 for trend). Abbreviation: CI, confidence interval. *The multivariate HR has been adjusted for age (continuous variable), sex (among total participants), job status (employed vs unemployed), years of education (Ͻ10, 10-12, or Ն13), body mass index (calculated as weight in kilograms divided by height in meters squared; Ͻ18.5, 18.5-22.9, 23.0-24.9, 25.0-29.9, or Ն30.0), engaging in sports or exercise (Ͻ1, 1-2, or Ն3 h/wk), walking duration (Ͻ1 vs Ն1 h/d), history of hypertension, diabetes mellitus, and gastric ulcer (for each disease, yes or no), smoking status (never, former, currently smoking Ͻ20, or currently smoking Ն20 cigarettes/d), alcohol drinking (never, former, currently drinking Ͻ45.6 g/d, or currently drinking Ն45.6 g/d ethanol), total energy intake per day (continuous variable), daily consumption of rice (Ͻ3, 3, 4, or Ն5 bowls), daily consumption of miso (soybean paste) soup (yes or no), daily consumption of soybean products, total meat, total fish, dairy products, total fruits, and total vegetables (for each food, continuous variable), and consumption of oolong tea, black tea, and coffee (for each beverage, never or occasionally, 1-2 cups/d, or Ն3 cups/d). †Participants who died in the first 3 years of follow-up were excluded from this analysis.
The multivariate HRs of all-cause mortality according to green tea, oolong tea, and black tea consumption frequencies are compared in TABLE 8. Green tea consumption was associated with reduced mortality. In contrast, a weak or null association was observed between consumption of black tea or oolong tea and the HRs of allcause mortality. We were unable to examine the associations between oolong tea or black tea and CVD or cancer mortality because of insufficient numbers of cases of disease among the higherconsumption categories of those beverages.
COMMENT
On the basis of a large, populationbased, prospective cohort study, we found significant inverse associations of green tea consumption with mortality due to all causes and due to CVD. Compared with participants who consumed less than 1 cup/d of green tea, those who consumed 5 or more cups/d had a risk of all-cause and CVD mortality that was 16% lower (during 11 years of follow-up) and 26% lower (during 7 years of follow-up), respectively. These inverse associations of all-cause and CVD mortality were primarily observed in women, although the inverse association for green tea consumption was observed in both sexes. In contrast, null results were observed in the association between green tea consumption and cancer mortality.
Sato et al 8 found a significant inverse association between green tea consumption and stroke mortality in 5910 participants over a 4-year period. Nakachi et al 9, 11 reported an observed association between increased consumption of green tea and significantly lower risk of CVD death among 8552 individuals with a follow-up period of 11 to 13 years. Our findings were consistent with these results. In contrast, Iwai et al 10 did not observe significant association between green tea consumption and all-cause mortality, but the results were consistent with an inverse association between green tea consumption and allcause mortality. The study had a much smaller sample size (2855 participants with 9.9 years of follow-up), and nonsignificant results might be due to low statistical power. Nakachi et al 9,11 also demonstrated that green tea consumption was associated with reduced mortality due to cancer, in contrast with our findings.
The reason for the discrepancy between men and women for the associa- Abbreviation: CI, confidence interval. *The multivariate HR has been adjusted for age (continuous variable), sex, job status (employed vs unemployed), years of education (Ͻ10, 10-12, or Ն13), body mass index (calculated as weight in kilograms divided by height in meters squared; Ͻ18.5, 18.5-22.9, 23.0-24.9, 25.0-29.9, or Ն30.0), engaging in sports or exercise (Ͻ1, 1-2, or Ն3 h/wk), walking duration (Ͻ1 vs Ն1 h/d), history of hypertension, diabetes mellitus, and gastric ulcer (for each disease, yes or no), smoking status (never, former, currently smoking Ͻ20, or currently smoking Ն20 cigarettes/d), alcohol drinking (never, former, currently drinking Ͻ45.6 g/d, or currently drinking Ն45.6 g/d ethanol), total energy intake per day (continuous variable), daily consumption of rice (Ͻ3, 3, 4, or Ն5 bowls), daily consumption of miso (soybean paste) soup (yes or no), daily consumption of soybean products, total meat, total fish, dairy products, total fruits, and total vegetables (for each food, continuous variable), and consumption of oolong tea, black tea, and coffee (for each beverage, never or occasionally, 1-2 cups/d, or Ն3 cups/d).
tions of green tea consumption and risk of all-cause and CVD mortality is uncertain. One possibility is the residual confounding by cigarette smoking. Men were more likely to smoke (Table 1 and  Table 2 ), and the inverse associations between green tea consumption and CVD mortality appeared to be more pronounced in participants who had never smoked, although tests for interaction between green tea consumption categories and smoking in the analyses of CVD mortality yielded nonsignificant results. These results suggest that higher rates of smoking may mask the association of green tea consumption with CVD mortality among men.
Our finding of an inverse association between green tea consumption and CVD mortality appeared to be a threshold effect rather than a doseresponse relationship, such that persons who consume at least 1 cup/d may receive some benefit. There may be differences in dietary intake and health characteristics besides green tea consumption between the lowest fourth and the highest three fourths of the distribution, suggesting that the observed association may be somehow explained by selection bias. However, in our models we adjusted for various potential confounders, and the estimates did not change substantially from the age-and sex-adjusted estimates.
Our results for CVD mortality may be partly explained by the effect of green tea on CVD risk profile. Previous studies have suggested that green tea may have beneficial effects on CVD risk profile, such as hypertension and obesity. 21, 22 However, the present results of stratified analysis show that inverse associations were also evident among lean participants and among those who had no history of hypertension. Therefore, mechanisms other than the effects on traditional CVD risk factors might play a role. Green tea polyphenols, especially (-)-epigallocatechin-3-gallate, might explain the observed association with reduced all-cause and CVD mortality, irrespective of CVD risk profiles. 23, 24 A number of biological mechanisms, including radical scavenging and antioxidant properties, have been proposed for the beneficial effects of green tea in different models of chronic disease. [3] [4] [5] [6] The present inverse association between green tea consumption and cerebral infarction mortality, but not cerebral hemorrhage, indicates that green tea polyphenols Abbreviation: CI, confidence interval. *The multivariate HR has been adjusted for age (continuous variable), job status (employed vs unemployed), years of education (Ͻ10, 10-12, or Ն13), body mass index (calculated as weight in kilograms divided by height in meters squared; Ͻ18.5, 18.5-22.9, 23.0-24.9, 25.0-29.9, or Ն30.0), engaging in sports or exercise (Ͻ1, 1-2, or Ն3 h/wk), walking duration (Ͻ1 vs Ն1 h/d), history of hypertension, diabetes mellitus, and gastric ulcer (for each disease, yes or no), smoking status (never, former, currently smoking Ͻ20, or currently smoking Ն20 cigarettes/d), alcohol drinking (never, former, currently drinking Ͻ45.6 g/d, or currently drinking Ն45.6 g/d ethanol), total energy intake per day (continuous variable), daily consumption of rice (Ͻ3, 3, 4, or Ն5 bowls), daily consumption of miso (soybean paste) soup (yes or no), daily consumption of soybean products, total meat, total fish, dairy products, total fruits, and total vegetables (for each food, continuous variable), and consumption of oolong tea, black tea, and coffee (for each beverage, never or occasionally, 1-2 cups/d, or Ն3 cups/d).
might directly affect atherosclerosis itself, irrespective of traditional CVD risk profiles.
We observed weak or null relationships between black tea or oolong tea and mortality. The discrepancy between green tea and other teas might indicate the specific role of substances rich in green tea. However, the smaller varia- Abbreviation: CI, confidence interval. *The multivariate HR has been adjusted for age (continuous variable), job status (employed vs unemployed), years of education (Ͻ10, 10-12, or Ն13), body mass index (calculated as weight in kilograms divided by height in meters squared; Ͻ18.5, 18.5-22.9, 23.0-24.9, 25.0-29.9, or Ն30.0), engaging in sports or exercise (Ͻ1, 1-2, or Ն3 h/wk), walking duration (Ͻ1 vs Ն1 h/d), history of hypertension, diabetes mellitus, and gastric ulcer (for each disease, yes or no), smoking status (never, former, currently smoking Ͻ20, or currently smoking Ն20 cigarettes/d), alcohol drinking (never, former, currently drinking Ͻ45.6 g/d, or currently drinking Ն45.6 g/d ethanol), total energy intake per day (continuous variable), daily consumption of rice (Ͻ3, 3, 4, or Ն5 bowls), daily consumption of miso (soybean paste) soup (yes or no), daily consumption of soybean products, total meat, total fish, dairy products, total fruits, and total vegetables (for each food, continuous variable), and consumption of oolong tea, black tea, and coffee (for each beverage, never or occasionally, 1-2 cups/d, or Ն3 cups/d). Abbreviation: CI, confidence interval. *The multivariate HR has been adjusted for age (continuous variable), sex, job status (employed vs unemployed), years of education (Ͻ10, 10-12, or Ն13), body mass index (calculated as weight in kilograms divided by height in meters squared; Ͻ18.5, 18.5-22.9, 23.0-24.9, 25.0-29.9, or Ն30.0), engaging in sports or exercise (Ͻ1, 1-2, or Ն3 h/wk), walking duration (Ͻ1 vs Ն1 h/d), history of hypertension, diabetes mellitus, and gastric ulcer (for each disease, yes or no), smoking status (never, former, currently smoking Ͻ20, or currently smoking Ն20 cigarettes/d), alcohol drinking (never, former, currently drinking Ͻ45.6 g/d, or currently drinking Ն45.6 g/d ethanol), total energy intake per day (continuous variable), daily consumption of rice (Ͻ3, 3, 4, or Ն5 bowls), daily consumption of miso (soybean paste) soup (yes or no), daily consumption of soybean products, total meat, total fish, dairy products, total fruits, and total vegetables (for each food, continuous variable), and consumption of green tea, oolong tea, black tea, and coffee (for each beverage, never or occasionally, 1-2 cups/d, or Ն3 cups/d). Models for green tea, oolong tea, or black tea did not include these variables, respectively.
